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Abstract 
 
 
This study was conducted to evaluate the effect of different levels 
of ascorbic acid on broiler chicks performance and humoral immunity of 
Newcastle disease under high environmental temperature.   
One hundred and twelve, day-old commercial broiler chicks 
(Hubbard) were reared during summer in an open deep litter experimental 
house. Four level of ascorbic acid 0(control), 150,350 and 550 mg/kg 
were fed from day 14to day 42. Feed intake, weight gain, feed conversion 
ratio, and dressing percentage were measured. Total white blood cells, 
lymphocytes, heterphils, monocytes, basophils, esinophils were 
determined. On day 42, thymus, spleen and bursa of fabricius were 
collected, weighed and expressed as a percentage of live weight. 
Antibody titers against Newcastle virus were elevated. Significantly 
(p≤0.05) higher feed intake was observed in birds fed low (150mg/kg) 
and moderate (350mg/kg) levels of ascorbic acid compared to those fed 
high level (550mg/kg), which resulted in significant (p≤0.05) 
improvement in body weight and feed conversion ratio of the moderate 
and high levels. Dressing percentage was not significantly (p≥0.05) 
affected by different level of ascorbic acid. Total white blood cells were 
reduced as the level of ascorbic acid was increased. Lymphocytes 
increased significantly (p≤0.05) in birds fed moderate (350mg/kg) or high 
(550mg/kg) levels of ascorbic acid. Heterophils were decreased 
significantly (p≤0.05) in the group fed the moderate level (350mg/kg) or 
high level (550mg/kg) of ascorbic acid. Monocytes decreased 
significantly (p≤0.05) in the groups fed the high level (550mg/kg). 
However, basophils and esinophils were not significantly (p≥0.05) 
affected by the different levels of ascorbic acid. The mean weight of 
lymphoid organs or the ratio of lymphoid organs to body weight were  
not significantly different (p≥0.05) between the different treatments.   
Antibody titer against Newcastle virus was significantly (p≤0.05) 
increased in birds fed diets supplemented with different levels of ascorbic 
acid  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
  ﻣﺴﺘﺨﻠﺺ 
  
ﻣﺴﺘﻮﻳﺎت ﻣﺨﺘﻠﻔﺔ ﻣﻦ ﻓﻴﺘﺎﻣﻴﻦ ج ﻟﻌﻼﺋﻖ اﻟﺪواﺟﻦ  ﺿﺎﻓﺔﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻟﺘﻘﻴﻴﻢ أﺛﺮ إأﺟﺮ
ﻓﻲ درﺟﺎت  ﻟﺬي ﺗﻤﺖ ﺗﺮﺑﻴﻪﻟﻠﺪﺟﺎج اﻟﻼﺣﻢ اﺿﺪ ﻣﺮض اﻟﻨﻴﻮآﺴﻞ  اﻟﻄﻴﻮر ﻣﻨﺎﻋﺔﻋﻠﻲ أداء و
  ﺣﺮارة ﻋﺎﻟﻴﺔ 
ﻓﻲ ﻓﺘﺮة اﻟﺼﻴﻒ ﻓﻲ ( هﺎﺑﺮد)  ﻣﻦ ﺳﻼﻟﺔ آﺘﻜﻮت ﻻﺣﻢ ﻋﻤﺮ ﻳﻮم واﺣﺪ 211ﺗﻢ ﺗﺮﺑﻴﺔ 
رﺑﻌﺔ ﻣﺴﺘﻮﻳﺎت ﻣﻦ ﻓﻴﺘﺎﻣﻴﻦ ج اﺳﺘﺨﺪﻣﺖ أ. ﻘﺔﺣﻈﻴﺮة ﻣﻔﺘﻮﺣﺔ ﺗﺤﺖ ﻧﻈﺎم اﻟﺘﺮﺑﻴﺔ ﻋﻠﻲ اﻟﻔﺮﺷﺔ اﻟﻌﻤﻴ
. ﻣﻦ اﻟﺘﺠﺮﺑﺔ 24وﺣﺘﻲ اﻟﻴﻮم  41ﻴﻮم آﺠﻢ ﻓﻴﺘﺎﻣﻴﻦ ج ﻣﻦ اﻟ/ﻣﻠﺠﻢ  055و 053،051، (ﺗﺤﻜﻢ)0
آﻤﺎ . ﻞ اﻟﻐﺬاء وﻧﺴﺒﺔ اﻟﺘﺼﺎﻓﻲﺎءة ﺗﺤﻮﻳﺗﻢ ﺗﻘﺪﻳﺮ آﻤﻴﺔ اﻟﻌﻠﻒ اﻟﻤﺘﻨﺎول ، اﻟﺰﻳﺎد ﻓﻲ اﻟﻮزن اﻟﺤﻲ ، آﻔ
 ﻧﻮﺳﺎﻳﺖ،ﻮﺮوﻓﻴﻞ، اﻟﻤﻴﻤﻔﻮﺳﺎﻳﺖ، اﻟﻬﺘﻴﻋﺪد آﺮﻳﺎت اﻟﺪم اﻟﺒﻴﻀﺎء وﻧﺴﺒﺔ اﻟﻠﺗﻢ ﺣﺴﺎب 
ﺒﺮ ﻣﻦ اﻟﺘﺠﺮﺑﺔ ﺗﻢ وزن اﻟﻄﺤﺎل، اﻟﺜﺎﻳﻤﺲ وﻏﺪة ﻓﺎﺑﺮﻳﺸﺲ وﻋ 24ﻓﻲ اﻟﻴﻮم . ﻮاﻟﺒﺎزوﻓﻴﻞﻓﻴﻠﻧﻮﺰواﻻﻳ
. اﻟﻨﻴﻮآﺴﻞ ة ﻟﻔﻴﺮوس ﻣﺮضﺟﺴﺎم اﻟﻤﻀﺎدآﻤﺎ ﺗﻢ ﺣﺴﺎب أﻋﺪاد اﻷ. ﻋﻨﻬﺎ آﻨﺴﺒﺔ ﻟﻠﻮزن اﻟﺤﻲ
 053و  051ﻇﻬﺮت اﻟﺪراﺳﺔ زﻳﺎدة ﻣﻌﻨﻮﻳﺔ ﻓﻲ ﻣﻌﺪل ﺗﻨﺎول اﻟﻐﺬاء ﻓﻲ اﻟﻄﻴﻮر اﻟﻤﻐﺬاء ﻋﻠﻲ أ
ﺑﺎﻟﻤﻘﺎرﻧﺔ اﻟﻲ اﻟﻄﻴﻮر اﻟﺘﻰ ﻏﺬﻳﺖ ﻋﻠﻰ ﻣﺴﺘﻮى ﻋﺎﻟﻲ ﻣﻦ ﻓﻴﺘﺎﻣﻴﻦ ج آﺠﻢ ﻋﻠﻒ /ﻣﻠﺠﻢ ﻓﻴﺘﺎﻣﻴﻦ ج
 ﺗﺤﺴﻴﻦ ﻓﻲ ﻣﻌﺪل اﻟﺰﻳﺎدة اﻟﻮزﻧﻴﺔ  وﻣﻌﺪل اﻟﺘﺤﻮﻳﻞ اﻟﻐﺬاﺋﻲﻣﻤﺎ ﻧﺘﺞ ﻋﻨﻪ ( آﺠﻢ ﻋﻠﻒ/ﻣﻠﺠﻢ 055)
ﺑﺎﻟﻤﺴﺘﻮﻳﺎت  ﺿﺎﻓﺔ ﻓﻴﺘﺎﻣﻴﻦ ج ﻟﻠﻌﻠﻴﻘﺔإ. آﺠﻢ ﻋﻠﻒ/ﻣﻠﺠﻢ 053و 051 ﻓﻲ اﻟﻄﻴﻮراﻟﻤﻐﺬاء ﻋﻠﻲ
 ﺖﻧﻘﺼاﻟﺪم اﻟﺒﻴﻀﺎء ن ﻋﺪد آﺮﻳﺎت اﻟﺪراﺳﺔ أوﺿﺤﺖ أ .ﺛﻴﺮ ﻋﻠﻲ ﻧﺴﺒﺔ اﻟﺘﺼﺎﻓﻲاﻟﻤﺨﺘﻠﻔﺔ ﻟﻴﺲ ﻟﻪ ﺗﺄ
 آﺠﻢ/ﻣﻠﺠﻢ  055و 053ﺿﺎﻓﺔ ﻓﻴﺘﺎﻣﻴﻦ ج ﻟﻌﻠﻴﻘﺔ ﺑﻤﺴﺘﻮي إ .آﻠﻤﺎ زاد ﻣﺴﺘﻮي اﻟﻔﻴﺘﺎﻣﻴﻦ ﻓﻲ اﻟﻌﻠﻒ
 .ﺘﺮوﻓﻴﻞﻴﻧﺴﺒﺔ اﻟﻬآﻤﺎ ﻧﻘﺼﺖ ﻧﺴﺒﺔ اﻟﻠﻤﻔﻮﺳﺎﻳﺖ ﻓﻲ ( 50.0≤p)ﻣﻌﻨﻮﻳﺔ ﻟﻲ زﻳﺎدة أدي إ ج ﻓﻴﺘﺎﻣﻴﻦ
ﻣﻠﺠﻢ  055ﻧﺴﺒﺔ اﻟﻤﻨﻮﺳﺎﻳﺖ ﻓﻲ اﻟﻄﻴﻮر اﻟﻤﻐﺬاء ﻋﻠﻲ  ﻓﻲ( 50.0≤p)آﺎن هﻨﻠﻚ ﻧﻘﺼﺎن ﻣﻌﻨﻮي 
ﻋﻠﻲ ﻧﺴﺒﺔ اﻟﺒﺎﺳﻮﻓﻴﻞ ( 50.0≥p)ﻓﻴﺘﺎﻣﻴﻦ ج ﻟﻠﻌﻠﻴﻘﺔ ﻟﻢ ﺗﺆﺛﺮ ﺗﺄﺛﻴﺮ ﻣﻌﻨﻮي ﺿﺎﻓﺔ إ .آﺠﻢ ﻓﻴﺘﺎﻣﻴﻦ ج/
ﻳﺔ أو ﻧﺴﺒﺔ اﻷﻋﻀﺎء ﻋﻀﺎء اﻟﻠﻤﻔﺎوﻋﻠﻲ وزن اﻷ( 50.0≥p)وآﺬﻟﻚ ﻟﻢ ﻳﺆﺛﺮ  ﻴﻞو اﻻﻳﺰﻧﻮﻓأ
ﻓﻲ اﻻﺟﺴﺎم اﻟﻤﻀﺎدة ﻟﻤﺮض ( 50.0≤p)آﺎﻧﺖ هﻨﻠﻚ زﻳﺎدة ﻣﻌﻨﻮﻳﺔ  .ﻟﻲ وزن اﻟﺠﺴﻢﻟﻠﻤﻔﺎوﻳﺔ إ
 .  اﻟﻨﻴﻮآﺴﻞ ﻓﻲ اﻟﻄﻴﻮر اﻟﺘﻲ ﻏﺬﻳﺖ ﻋﻠﻲ اﻟﻤﺴﺘﻮﻳﺎت اﻟﻤﺨﺘﻠﻔﺔ ﻣﻦ ﻓﻴﺘﺎﻣﻴﻦ ج
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Abstract 
 
 
This study was conducted to evaluate the effect of different levels of 
ascorbic acid on broiler chicks performance and humoral immunity of 
Newcastle disease under high environmental temperature.   
One hundred and twelve, day-old commercial broiler chicks (Hubbard) 
were reared during summer in an open deep litter experimental house. Four 
level of ascorbic acid 0(control), 150,350 and 550 mg/kg were fed from day 
14to day 42. Feed intake, weight gain, feed conversion ratio, and dressing 
percentage were measured. Total white blood cells, lymphocytes, heterphils, 
monocytes, basophils, esinophils were determined. On day 42, thymus, 
spleen and bursa of fabricius were collected, weighed and expressed as a 
percentage of live weight. Antibody titers against Newcastle virus were 
elevated. Significantly (p≤0.05) higher feed intake was observed in birds fed 
low (150mg/kg) and moderate (350mg/kg) levels of ascorbic acid compared 
to those fed high level (550mg/kg), which resulted in significant (p≤0.05) 
improvement in body weight and feed conversion ratio of the moderate and 
high levels. Dressing percentage was not significantly (p≥0.05) affected by 
different level of ascorbic acid. Total white blood cells were reduced as the 
level of ascorbic acid was increased. Lymphocytes increased significantly 
(p≤0.05) in birds fed moderate (350mg/kg) or high (550mg/kg) levels of 
ascorbic acid. Heterophils were decreased significantly (p≤0.05) in the group 
fed the moderate level (350mg/kg) or high level (550mg/kg) of ascorbic acid. 
Monocytes decreased significantly (p≤0.05) in the groups fed the high level 
(550mg/kg). However, basophils and esinophils were not significantly 
(p≥0.05) affected by the different levels of ascorbic acid. The mean weight of 
 lymphoid organs or the ratio of lymphoid organs to body weight were  not 
significantly different (p≥0.05) between the different treatments.   Antibody 
titer against Newcastle virus was significantly (p≤0.05) increased in birds fed 
diets supplemented with different levels of ascorbic acid  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
   ﻣﺴﺘﺨﻠﺺ 
  
أﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻟﺘﻘﻴﻴﻢ أﺛﺮ إﺿﺎﻓﺔ ﻣﺴﺘﻮﻳﺎت ﻣﺨﺘﻠﻔﺔ ﻣﻦ ﻓﻴﺘﺎﻣﻴﻦ ج ﻟﻌﻼﺋﻖ اﻟﺪواﺟﻦ ﻋﻠﻲ 
  ﺗﻤﺖ ﺗﺮﺑﻴﻪ ﻓﻲ درﺟﺎت ﺣﺮارة ﻋﺎﻟﻴﺔ أداء وﻣﻨﺎﻋﺔ اﻟﻄﻴﻮر ﺿﺪ ﻣﺮض اﻟﻨﻴﻮآﺴﻞ ﻟﻠﺪﺟﺎج اﻟﻼﺣﻢ اﻟﺬي 
ﻓﻲ ﻓﺘﺮة اﻟﺼﻴﻒ ﻓﻲ ﺣﻈﻴﺮة ( هﺎﺑﺮد) آﺘﻜﻮت ﻻﺣﻢ ﻋﻤﺮ ﻳﻮم واﺣﺪ ﻣﻦ ﺳﻼﻟﺔ  211ﺗﻢ ﺗﺮﺑﻴﺔ 
، (ﺗﺤﻜﻢ)0اﺳﺘﺨﺪﻣﺖ أرﺑﻌﺔ ﻣﺴﺘﻮﻳﺎت ﻣﻦ ﻓﻴﺘﺎﻣﻴﻦ ج . ﻣﻔﺘﻮﺣﺔ ﺗﺤﺖ ﻧﻈﺎم اﻟﺘﺮﺑﻴﺔ ﻋﻠﻲ اﻟﻔﺮﺷﺔ اﻟﻌﻤﻴﻘﺔ
ﺗﻢ ﺗﻘﺪﻳﺮ آﻤﻴﺔ . ﻣﻦ اﻟﺘﺠﺮﺑﺔ 24وﺣﺘﻲ اﻟﻴﻮم  41آﺠﻢ ﻓﻴﺘﺎﻣﻴﻦ ج ﻣﻦ اﻟﻴﻮم /ﻣﻠﺠﻢ  055و 053،051
آﻤﺎ ﺗﻢ ﺣﺴﺎب ﻋﺪد . اﻟﻌﻠﻒ اﻟﻤﺘﻨﺎول ، اﻟﺰﻳﺎد ﻓﻲ اﻟﻮزن اﻟﺤﻲ ، آﻔﺎءة ﺗﺤﻮﻳﻞ اﻟﻐﺬاء وﻧﺴﺒﺔ اﻟﺘﺼﺎﻓﻲ
ﻓﻲ اﻟﻴﻮم . آﺮﻳﺎت اﻟﺪم اﻟﺒﻴﻀﺎء وﻧﺴﺒﺔ اﻟﻠﻴﻤﻔﻮﺳﺎﻳﺖ، اﻟﻬﺘﻴﺮوﻓﻴﻞ، اﻟﻤﻮﻧﻮﺳﺎﻳﺖ، اﻻﻳﺰوﻧﻮﻓﻴﻠﻮاﻟﺒﺎزوﻓﻴﻞ
آﻤﺎ ﺗﻢ . ﺮﻳﺸﺲ وﻋﺒﺮ ﻋﻨﻬﺎ آﻨﺴﺒﺔ ﻟﻠﻮزن اﻟﺤﻲﻣﻦ اﻟﺘﺠﺮﺑﺔ ﺗﻢ وزن اﻟﻄﺤﺎل، اﻟﺜﺎﻳﻤﺲ وﻏﺪة ﻓﺎﺑ 24
أﻇﻬﺮت اﻟﺪراﺳﺔ زﻳﺎدة ﻣﻌﻨﻮﻳﺔ ﻓﻲ ﻣﻌﺪل . ﺣﺴﺎب أﻋﺪاد اﻷﺟﺴﺎم اﻟﻤﻀﺎدة ﻟﻔﻴﺮوس ﻣﺮض اﻟﻨﻴﻮآﺴﻞ
آﺠﻢ ﻋﻠﻒ ﺑﺎﻟﻤﻘﺎرﻧﺔ اﻟﻲ اﻟﻄﻴﻮر /ﻣﻠﺠﻢ ﻓﻴﺘﺎﻣﻴﻦ ج 053و  051ﺗﻨﺎول اﻟﻐﺬاء ﻓﻲ اﻟﻄﻴﻮر اﻟﻤﻐﺬاء ﻋﻠﻲ 
ﻣﻤﺎ ﻧﺘﺞ ﻋﻨﻪ ﺗﺤﺴﻴﻦ ﻓﻲ ﻣﻌﺪل ( آﺠﻢ ﻋﻠﻒ/ﻠﺠﻢﻣ 055)اﻟﺘﻰ ﻏﺬﻳﺖ ﻋﻠﻰ ﻣﺴﺘﻮى ﻋﺎﻟﻲ ﻣﻦ ﻓﻴﺘﺎﻣﻴﻦ ج 
. آﺠﻢ ﻋﻠﻒ/ﻣﻠﺠﻢ 053و 051اﻟﺰﻳﺎدة اﻟﻮزﻧﻴﺔ  وﻣﻌﺪل اﻟﺘﺤﻮﻳﻞ اﻟﻐﺬاﺋﻲ ﻓﻲ اﻟﻄﻴﻮراﻟﻤﻐﺬاء ﻋﻠﻲ 
أوﺿﺤﺖ اﻟﺪراﺳﺔ أن . إﺿﺎﻓﺔ ﻓﻴﺘﺎﻣﻴﻦ ج ﻟﻠﻌﻠﻴﻘﺔ ﺑﺎﻟﻤﺴﺘﻮﻳﺎت اﻟﻤﺨﺘﻠﻔﺔ ﻟﻴﺲ ﻟﻪ ﺗﺄﺛﻴﺮ ﻋﻠﻲ ﻧﺴﺒﺔ اﻟﺘﺼﺎﻓﻲ
إﺿﺎﻓﺔ ﻓﻴﺘﺎﻣﻴﻦ ج ﻟﻌﻠﻴﻘﺔ . اﻟﻔﻴﺘﺎﻣﻴﻦ ﻓﻲ اﻟﻌﻠﻒ ﻋﺪد آﺮﻳﺎت اﻟﺪم اﻟﺒﻴﻀﺎء ﻧﻘﺼﺖ آﻠﻤﺎ زاد ﻣﺴﺘﻮي
ﻓﻲ ﻧﺴﺒﺔ اﻟﻠﻤﻔﻮﺳﺎﻳﺖ ( 50.0≤p)آﺠﻢ ﻓﻴﺘﺎﻣﻴﻦ ج أدي إﻟﻲ زﻳﺎدة ﻣﻌﻨﻮﻳﺔ /ﻣﻠﺠﻢ  055و 053ﺑﻤﺴﺘﻮي 
ﻓﻲ ﻧﺴﺒﺔ اﻟﻤﻨﻮﺳﺎﻳﺖ ﻓﻲ اﻟﻄﻴﻮر ( 50.0≤p)آﺎن هﻨﻠﻚ ﻧﻘﺼﺎن ﻣﻌﻨﻮي . آﻤﺎ ﻧﻘﺼﺖ ﻧﺴﺒﺔ اﻟﻬﻴﺘﺮوﻓﻴﻞ
( 50.0≥p)ﻓﻴﺘﺎﻣﻴﻦ ج ﻟﻠﻌﻠﻴﻘﺔ ﻟﻢ ﺗﺆﺛﺮ ﺗﺄﺛﻴﺮ ﻣﻌﻨﻮي إﺿﺎﻓﺔ . آﺠﻢ ﻓﻴﺘﺎﻣﻴﻦ ج/ﻣﻠﺠﻢ  055اﻟﻤﻐﺬاء ﻋﻠﻲ 
ﻋﻠﻲ وزن اﻷﻋﻀﺎء اﻟﻠﻤﻔﺎوﻳﺔ أو ﻧﺴﺒﺔ ( 50.0≥p)ﻋﻠﻲ ﻧﺴﺒﺔ اﻟﺒﺎﺳﻮﻓﻴﻞ أو اﻻﻳﺰﻧﻮﻓﻴﻞ وآﺬﻟﻚ ﻟﻢ ﻳﺆﺛﺮ 
ﻓﻲ اﻻﺟﺴﺎم اﻟﻤﻀﺎدة ( 50.0≤p)آﺎﻧﺖ هﻨﻠﻚ زﻳﺎدة ﻣﻌﻨﻮﻳﺔ . اﻷﻋﻀﺎء ﻟﻠﻤﻔﺎوﻳﺔ إﻟﻲ وزن اﻟﺠﺴﻢ
  .  ﻲ اﻟﻤﺴﺘﻮﻳﺎت اﻟﻤﺨﺘﻠﻔﺔ ﻣﻦ ﻓﻴﺘﺎﻣﻴﻦ جﻟﻤﺮض اﻟﻨﻴﻮآﺴﻞ ﻓﻲ اﻟﻄﻴﻮر اﻟﺘﻲ ﻏﺬﻳﺖ ﻋﻠ
   CHAPTER ONE 
INTRODUCTION 
The domestic fowl is a homoeothermic which can live comfortably 
only in a relatively very narrow zone of thermo-neutrality ranged from 
18-22oC within which the heat from normal maintenance and productive 
functions of the animal in non-stressful situations offsets the heat loss to 
the environment without requiring an increase in rate of metabolic heat 
production (Ensminger et al., 1990).One of the problems challenging 
poultry industry is the high ambient temperature which persists for almost 
five months of the year (March to July) in most agro-ecological zones in 
Sudan. Summer time represent a stressful time for poultry production. 
High seasonal temperatures decrease feed intake, performance and affects 
the immune system of birds (Ayo et al., 1996). Heat stress occurs as the 
core body temperature continues to increase to fatal temperatures, 
because heat dissipation is insufficient and metabolic coping mechanisms 
are limited. Heat stress is one of the most important factors adversely 
affecting overall poultry production in the tropics. Any deviation 
especially on the upper critical temperature may affect the performance of 
chicken, which reached up to 40oC in summer season (Cook 2004). High 
environmental temperatures have deleterious effects on poultry, reducing 
growth rate, feed intake, live weight gain and feed efficiency, digestibility 
of nutrients, egg production, egg weight, haugh unit and yolk index (Mills 
et al., 1999), mortality and immunity (Naseem et al., 2005). The 
physiological functions of broiler are affected also by heat stress (El 
Husseiny and Creger, 1981). The intensity and the duration of the stress 
induced by temperature may impair the immune system of poultry. 
 However, the effect of the environmental temperature depends on the 
degree of habituation of the bird at the time of immunization (Henken et 
al.1982). Various techniques had being practiced by the farmers to 
minimize the heat stress. Such methods include: nutritional therapies like 
use of low energy and high protein rations, adding vitamin C, sodium 
bicarbonate, potassium chloride or aspirin in drinking water of birds, use 
of electric fans and pad cooling system, sprinkling of water through 
foggers, use of desert cooler, etc.  
In early, researches, it was found that ascorbic acid  limit the 
increase of body temperature during heat stress (Ahmad et al., 1967) 
Supplementation ascorbic acid had also been reported to improve heat 
resistance, protected the immune biological tissues in growing birds and 
reduced their mortality to infection associated with elevated ambient 
temperatures (Pardue et al., 1984). Kafri and Cherry,(1984) found   
improve on growth rate at 32°C in birds fed ascorbic acid. In recent, 
researches, it was suggested that ascorbic acid can minimize the stress 
induced by vaccination at high temperature (Hayashi et al., 2004). The 
addition of ascorbic acid to the diet improves the immune response of 
birds during heat stress. Zahraa (2008) and Borgs et al., (2004) found that 
the different cells of leukocyte of broiler is affected by high temperature.   
The main objectives of this study are to:- 
1. Evaluate the effect of various level of dietary ascorbic acid on 
growth performance of broiler chicks at high temperature. 
2. Evaluate the antibody titre of broiler chicks fed different levels of 
ascorbic acid under summer condition.  
3. Evaluate the effect of ascorbic acid on different count of white 
blood cells of broiler chicks under high temperature.  
 CHAPTER TWO 
LITERATUR REVIEW 
2.1. Effect of high temperature on broiler performance  
Many researches have demonstrated the adverse effect of high 
environmental temperature on broiler chickens. Cerniglia et al., (1978) 
observed a 47% decrease in the feed intake and weight gain by broiler 
chicks kept at 32ºC compared to those reared at 24ºC. Furthermore, 
Farooqi et al., (2005) showed that birds reared at 27ºC gained highest 
average weight compared to birds reared at 34.6ºC. Deed and Cahaner . 
(2001) concluded that high ambient temperature reduced feed 
consumption and body weight in broiler chicks. Ayo et al. (1996) 
observed that high ambient temperatures depressed feed intake, weight 
gain and increased mortality rates among broiler chicks. Osman et al. 
(1989) studied the influence of constant high temperature (30–32°C) 
compared to an alternating temperature of 30–32°C by day and 25°C by 
night on broiler chicks and found that constant high temperature 
decreased growth rate more than an alternating temperature. Deaton, 
(1995) found that lowering the temperature during the cool portion of the 
day from 26.7°C to 21.1°C significantly increased broiler body weight at 
48 days of age. 
Feed conversion in broiler chicks is subjected to market fluctuations 
because of seasonal as well as ambient temperature changes. Arjona et 
al., (1988) found that feed efficiency of broiler chicks exposed to high 
temperatures at early age (5days), was significantly improved without 
adverse effect on body weight gain, when those chicks were exposed to 
heat stress later in life. 
 McDowell (1989) summarized that reduction in feed efficiency at 
high temperature generally due to chemical costs for a unit of product are 
higher in warmer than in cooler climates because a portion is siphoned off 
for the processes required to dissipate body heat’. 
2.2. Effect of heat stress on immune system 
Reddy, (2000) found that after broiler chicks were exposed to 
high ambient temperature, their body temperature increased more than the 
normal body temperature. Richard, (1998) reported that corticosterone 
stored in adrenal cortex was released into the blood circulation to help 
broiler chicks to increase metabolism. Daghir, (1995) stated that this 
hormone might cause cell mediated and humoral immunity failure 
because changes in the plasma concentrations of corticosteroides and 
ACTH affected the lymphoid tissues; for example, a diminution in the 
mass of the spleen, thymus and bursa of fabricius. Gross and sigal (1983) 
reported that exposure of birds to high environmental temperature causes 
an increase in the plasma corticosterone that subsequently depressed the 
activity of the lymphoid organs and total leucocytes count. 
The mechanism by which the environmental temperature may act 
as an immune suppressor is not fully understood. Sigal and Latimer, 
(1984) speculated that the increased activity of the adrenal gland due to 
stress increases the level of serum corticosteroids, which cause 
suppression of cell proliferation factor. Henken et al, (1982) found that 
the  intensity and the duration of the stress induced by temperature may 
impair the immune system of poultry; However, the effect of the 
environmental temperature depends on the degree of habituation of the 
bird at the time of immunization. Heat stress had fast, direct and severs 
effects on blood ascorbic acid, IgG and IgM of plasma concentration 
(Zahraa 2008). 
 2.2.1 Physiological response to high temperature 
One of the physiological responses of exposure to heat stress is the 
release of glucocorticoids, causing dissolution of lymphocytes in 
lymphoid tissues and leading to lymphopenia. However, there is an 
increase in heterophil release by the bone marrow, thus increasing their 
number in circulation, but their phagocytic and bactericidal activities are 
decreased (Berne and Levy, 1998). Zulkifli and Siegel (1995) indicated 
that stress can reduced the number of circulating lymphocytes and 
increase the number of heterophils in chickens. Borges (1997) confirmed 
that a reduction on the number of lymphocytes and increase in heterophils 
occer at high temperature. Moreover, Borges et al. (1999) reported that 
heat stress increased the percentage of heterophils and decreased the 
percentage of lymphocytes. 
Under stress conditions a differential leucocytes count revealed that 
the percentage of lymphocytes decreased and the percentage of hetrophils 
increased (Woldford and Ringer, 1962). Mogenet and Youbicier-Simo, 
(1998) and Naseem et al., (2005) found that acute heat stress affect the 
immune response, lymphoid organs (bursa, thymus and spleen) and 
pathophysiology of white blood cells of broiler chicks. Puvadolpirod and 
Thaxton (2000) found that total white blood cell was increased on broiler 
chicks under stress. 
Altan et al., (2000); Wang et al. (2001); Borges et al. (2003, 2004); 
Zahraa (2008) confirmed that when broiler chicks were exposed to acute 
heat stress, the percentage of monocyte and lymphocyte decreased while 
the percentage of the heterophil increased.  
Sabah et al., (2008) observed that physiological responses to 
increased ambient temperature which reached up to 42°C, such as 
 panting, reduced activity and spreading the wings away from the body. 
Such behaviors were exhibited by birds to allow them to re-establish heat 
balance with their surroundings (Gray, et al 2003).  
2.2.2. Effect of high temperature on antibody titers 
Mashaly et al., (2004) found that not only increase in the H/L 
ratio indicating the birds were under stress, but also a decrease in 
antibody titer. Heat stress was also reported to cause a reduction in 
antibody production in young chickens (Zulkifi et al., 2000). Heat 
exposure had fast, direct and intensive effect on the antibodies 
concentrations (Zahraa 2008). Bobeck and Cook, (2005) showed a 
downward slope in the loss of antibodies as the time in heat increases.  
Anwar et al. (2004) and Farooq et al. (2005) found that heat stress 
was found to reduce the immunity of bird against Newcastle disease virus 
vaccine. Zahraa (2008) found that heat stress cause significant decrease in 
plasma ascorbic acid, antibody titer, IgG and IgM, percentage of 
lymphocyte and heterophil, and H/L ratio. ELagib, and Elzuber, (2007) 
confermed that the total antibody titre decreased significantly when 
broiler chicks were rered at high temperature. 
2.3. Acclimatization to heat stress  
Chickens can adapt to climatic changes, Van Kampen (1981) 
classified responses to climatic changes into three phases: neuronal, 
hormonal and morphological. The neuronal phase is the first and is seen 
immediately, while the morphological response is observed much later. 
Morphological changes, such as enlarged combs and wattles, less body 
fat and less feather cover, which had been known to occur in chickens 
reared under high temperature, require a much longer time to appear. 
 Based on these earlier studies, attempts had been made at reducing heat-
stress mortality in broilers by acclimatization. This is partly attributed to a 
reduction in feed intake in response to the stress. Ernst et al., (1984) 
showed that exposing chicks at 1 day of age for 2 hrs to 43°C reduced 
performance up to 16 days of age. Arjona et al. (1990) observed that 
exposure for 24 hrs at 35–38°C at 5 days of age reduced mortality when 
these birds were heat-stressed for 8 hrs at 44 days of age. Teeter and 
Smith (1986) reported that at least 50% of the hypothermic effect of 
acclimatization immediately prior to heat stress may be attributed to a 
reduction in feed intake in response to the stress. 
Van Kampen, (1981) found that heat acclimatization involves 
certain specific adaptations regulate dehydration and hypovolaemia that 
tend to maximize body water reserves needed for evaporative cooling and 
blood volume maintenance. Wideman et al.,(1994) stated that heat-
acclimatized birds consume more water than non-acclimatized controls 
during heat stress. Realizing that heat acclimatization may include 
adaptations in kidney function. 
2.4. Nutrition requirement during heat stress 
2.4.1. Energy Requirements 
ME requirement decreases with increasing temperature above 21°C. 
This reduced requirement is mainly due to a reduction in energy 
requirements for maintenance, and the requirement for production is not 
influenced by environmental temperature. Daghir, (1973) observed that 
energy consumption during summer drops significantly in contrast to 
winter or spring. 
 
 2.4.2. Protein requirements 
Lin et al., (2006) found that there was a decreased in protein 
synthesis and increased breakdown under heat stress. Tenin et al., (2000) 
assumed that this reduction in synthesis of protein because protein cannot 
be restored by increasing the dietary protein level. Cahaner et al., (1995) 
suspected that high protein levels decrease broiler performance at high 
temperature and dietary protein effect is genotype related.  
2.4.3. Vitamins 
Moreng (1980) suggested that some bird improved their 
performance in response to additional vitamin A. Lin et al. (2002) 
reported that the performance of heat-stressed layers can be improved 
with high levels of vitamin A. Levels of 9000 IU/kg had a beneficial 
effect on feed intake and production compared to controls with 3000 
IU/kg. 
Vitamin E has been reported to enhance immune competence of 
chickens (Gore and Qureshi, 1997; Erf et al., 1998) and thereby enhance 
their immunity to several diseases including Escherichia coli infection, 
coccidiosis, infectious bursal disease, and Newcastle disease (Erf et al., 
1998). Gheisari et al. (2004) studied the effect of dietary fat (0, 2.5, 5.0% 
sunflower oil), á-toropherol (288 ppm) and ascorbic acid (255ppm) on the 
performance and meat oxidative stability of heat-stressed broiler chicks. 
They showed that in heat-stress conditions supplementations with 
ascorbic acid and vitamin E reduce mortality and oxidative rancidity of 
dark and white meat during refrigerated storage.  
Celik et al., (2006) studied the effect of dietary vitamin B6 and L-
Carnitin on broilers reared under high temperature they observed that 
 body-weight gain and feed intake were significantly improved at 42 days 
by feeding 3 mg B6/kg feed and 60 mg L-Carnitin/l in the drinking water.  
Biotin supplements prevented the fatty liver kidney syndrome 
(FLKS) in broiler as it required for optimum antibody production 
(Whitehead et al., 1976).  
Vitamin C is the most-studied vitamin in relation to ambient 
temperature, and yet its effects is still not fully defined. There is some 
evidence which indicates that under conditions of high environmental 
temperatures some mammals and birds are not able to synthesize 
sufficient ascorbic acid to replace the severe losses of this vitamin that 
occur during stress (Daghir 1995). Ascorbic acid is necessary for various 
biosynthesis as well as for the regulation of diverse reactions, secretion of 
corticosterone, regulation of body temperature, activation of the immune 
system (Sahin and Kucuk, 2003). Ascorbic acid has been widely used to 
reduce stress in chickens, because this vitamin could decrease 
corticosterone level in the blood circulation (Nockel et al., 1973; Sheila 
and Cheryl, 1978). 
2.5. Role of Vitamin C on broiler performance 
Quarles and Adrian (1989) indicated that when vitamin C was 
supplemented at a level of 976 ppm/128 gal in the drinking water for 24 
hrs prior to pickup for slaughter carcass yield was significantly 
increased.500 mg/kg of ascorbic acid supplementation resulted in an 
improved weight gain until the fifth week, and body weight at slaughter, 
carcass weights and carcass yield were not affected by ascorbic acid 
supplementation as reported by Mehmet, et al (2004). 
Raja and Qureshi (2000) reported a significant improvement in 
body weight of birds provided with ascorbic acid in the feed. Pardue et 
 al., (1985b) suggested that improvement in body weight may also related 
to vitamin C protection of cell membrane integrity. Pardue et al., (1986) 
postulated that the suppression of adrenocortical steroidognesis by 
vitamin C may constitute the primary reason that this vitamin can 
ameliorate the negative effects of stress.  
2.5.1. Effect of vitamin C on the performance of heat stressed 
broiler 
Kutlu (2003) observed that ascorbic acid supplementation 
increased body weight gain in broilers exposed to high ambient 
temperature. The production of Vitamin C in broiler chicks under high 
ambient temperatures is inadequate for optimum performance (Daghir, 
1995). Several researchers have reported beneficial effects of Vitamin C 
supplements given either in diets or in drinking water. Supplements 
enhanced performance of broiler chickens with experimentally induced 
hypothyroidism (Takahashi et al., 1991), reduced stress related response 
(Pardue et al., 1984) and improved disease resistance of the birds 
(Amakye-Anim et al., 2000). 
Mc.Donald, et al (1988) found that under climatic stress, ascorbic 
acid demands become greater than that provided by tissue synthesis and 
therefore dietary supplementation may be beneficial. Pardue, et al (1984) 
showed that vitamin C demand, in chickens, when exposed to heat stress, 
may increase beyond its synthesis ability.  
Njoku (1986) showed that supplementation of 200 mg ascorbic 
acid per kg diet in broilers produced the highest body weight-gain during 
hot month of the year. Stillborn et al., (1988) found that ascorbic acid 
supplementation of level 250, 500 and 1000 mg per kg diet were neither 
 beneficial nor detrimental to broiler chickens kept in temperature ranging 
from 24C -35C. 
Kafri and Cherry, (1984) demonstrated appositive response in body 
growth of ascorbic acid supplementation chicks at a level of 100 mg per 
kg diet whereas, Mckee and Harrision (1995), found that  the 
performance of broiler chicks exposed to heat stress, was enhanced with a 
supplementation level of 150 mg ascorbic acid per kg of diet. Kutlo and 
Forbes (1993a) stated that the addition of ascorbic acid particularly at 
250mg\kg diet ameliorated the deterioration in performance and 
metabolism of broiler chicks in the hot season. 
 Njoku and Newazota (1989) reported that the inclusion of ascorbic 
acid in the chicken’s diet during heat stress improved growth rate, feed 
intake, feed utilization efficiency and reduced the overall cost of feed per 
egg produced. Pardue et al., (1985a) also emphasized the ascorbic acid 
related protection of cell membrane integrity due to its antioxidant 
property, which may assist in limiting cellular disruption during heat 
stress. On the other hand ascorbic acid supplementation of non heat 
stressed birds tend to reduce performance (Kassim and Norziha, 1995) 
 
 
 
 
 
 
 2.6. Avian immunology  
2.6.1. Avian immune system 
The immune system of the fowl is dependent on specialized 
microenvironments. It formed of the major lymphoid tissues, the 
thymus and the bursa of fabricus and secondary lymphoid tissues, 
Spleen, Lymph Node, and Cecal Tonsil (Glick, 1998).  
The thymus has been demonstrated functionally by specific 
stimulation of T-lymphocyte. It consisted of seven lobes developed 
along each side of the jugular veins. The thymus possessed cortical and 
medullary regions An isolated protein, the putative avian thymic 
hormone, located in the thymus and blood, stimulated bone marrow 
cells to express T-cell markers (Murthy et al., 1984) 
The initial descriptive study of the bursa was by Hieronymus 
Fabricius the bursa is a dorsal diverticulum of the proctodaeal region of 
the cloaca (Jolly, 1915). The main function of the bursa are the 
immunological education of prebursal stem cells to form 
immunologlobulin .  
The avian spleen like the mammalian spleen possesses red and 
white pulp. Adjacent to the dorsal surface of the right lobe of the liver 
and dorsal to the proventriculus is the reddish brown oval spleen (Nickel 
et al., 1977). Secondary lymphoid tissues where they produce 
immunoglobulins an specific antibodies and perform other 
immunological function (Payne and Powell, 1984). 
Blood heterophils are granulated leukocytes formed from 
myelocytes in the bone marrow. They are phagocytic cells designed to 
define the organism against infections by bacteria, viruses, or foreign 
 particles. They are present in abundance at infection sites to which they 
are attracted by chemotactic compounds from injured cells.  
Lymphocytes are nongranulated leukocytes formed in lymphoid 
tissues. They play an important physiological role in immunity, 
particularly for the production of antibodies (Daghir 1995).  
2.6.2. Measures of immunity 
The commonly used and assessed method in poultry for measuring 
immune response are lymphoid organ weights, (Pope, 1991; Kwak1999; 
Anwar et al 2004) antibody response to foreign antigens, (Patterson and 
Siegel, 1998; Santin,et al 2003; Anwar, et al 2004; Farooq et al 2005; 
Zahraa2008) heterophil : lymphocyte (H:L) ratios (Leshchisky and 
Klasing 2001; Heckert et al 2002; Aengwanich 2003; Mashaly et al 
2004) and lymphocyte blastogenesis assays (Gogal et al., 1997; Heckert 
et al 2002). Zulkifli and Siegel (1995); Borges (1997) reported that H/L 
ratio has been indicated to be a good quantitative measures of stress.  
Lymphoid organ (Bursa, thymus, and spleen) weights are easily 
measured and reflect the body’s ability to provide lymphoid cells during 
an immune response. Suppression of immune response may be due to 
temporary or permanent damage to primary lymphoid organs which 
results in increased susceptibility of the host of various bacterial, viral 
and parasitic infections (Thigpen et al., 1973; Muneer et al., 1988.).  
Humoral immunity, or the ability to produce an antibody response, 
is another commonly employed method of assessing 
immunocompetence. The most commonly tests used are 
hemagglutination inhibition assay and enzyme linked immunosorbent 
assay (ELISA).   
 2.6.3. Effect of Vitamin C on immune response 
The role of ascorbic acid as mentioned earlier by Nockles and 
Schemlibg (1978) was found to reduce the amount of corticosterone in 
the plasma with subsequent maintenance of the normal leucocytes count. 
In the first line of defence against pathogens, phagocytosis by 
neutrophils involves increased consumption of both ascerbate and 
dehydroascorbate  (Stankova et al., 1975; Rund, 1989). Ascorbic acid can 
modulate the activity of B cells and addition of dietary ascorbate prior to 
immunization has been found to increase antibody production (McCorkle 
et al., 1980). Their findings indicate that the cell mediated immunity and 
the antibody response to sheep red blood cells were not altered by the 
dietary supplement of 10 g ascorbic acid kg.  They also observed that 
ascorbic acid supplementation increase the heterophil lymphocyte (H/L) 
level from 4 to 6 days post-vaccination. 
Freeman (1986) suggested that the mechanism by which ascorbic 
acid ameliorates the steroid mediated immuno-suppression to be either by 
reducing adrenal synthesis of corticoids or by protecting the lymphoid 
tissue. Dietary supplementation with vitamin C, therefore, may have 
beneficial effects on immuno-responsitiveness in chicken.  
Pardue and Thaxton, (1984) found that supplementation of broiler 
with vitamin C has ameliorated steroid mediated Immune suppression. 
furthermore,(Pardue et al., 1985) found a significant reduction in adrenal 
size in vitamin C supplemented chicks this finding led the authors to 
suggest that vitamin C suppresses adrenocortical synthesis in the chicken.  
Tuekam et al. (1994) showed that there was a positive correlation 
between antibody titer and ascorbic acid supplementation. Moreover; 
 Sabah et al., (2008) found decrease in white blood cell as vitamin C 
increased with gradual decrease in lymphocytes percentage. 
Freeman,(1986) found that many organs (Spleen, liver and 
intestine) were shown to contain a concentration of ascorbic acid several 
times greater than that of the plasma. Mc.Laren (1981)  reported that 
vitamin C have role in reaction involved in the electron transfer in the 
cell. 
2.6.4. Effect of dietary vitamin C on Immune response of 
heat stressed broiler  
A report by Thaxton (1986) showed that, following infection with 
infectious bursal disease (IBD) virus, vitamin C protected the immune 
biological tissues in growing birds and reduced their mortality to 
infection in a hot environment. Furthermore, Pardue et al. (1985b) 
showed that immunosuppression at high environmental temperatures 
could result from a reductionin thyroid activity. Therefore, it may be that 
the reduction of weight loss of an immunocompetent organ induced by 
feeding ascorbic acid may be associated with thyroid activity. 
Farooq (2005) observed that betafin and vitamin C can improve 
immunity of bird during heat stress. He found that best titer was in group 
without heat stress followed by group supplemented with vitamin C and 
the lost titer in group with heat stress. 
Vitamin C decreases the corticosterone in blood circulation which 
increases during exposure to ambient temperature as a demonstrated by 
Richard (1998). This led to decrease in the lymphocytes perecentage and 
according by the total white blood cell increased. 
 Hayashi et al. (2004) studied the effect of ascorbic acid on 
performance and antibody production in broilers vaccinated against 
infectious bursal disease under a hot environment. Ascorbic acid was fed 
at 158 ppm, starting at 20 days of age, and all birds were vaccinated 
against IBD at 15 and 20 days. They concluded that ascorbic acid can 
minimize the stress induced by the combined effects of vaccination and 
high temperature. Anwar, et al (2004) found that the Sb-Asper-C 
(containing ascorbic acid and acetylsalicylic acid) has expressed itself as 
an anti-heat stressor and an immunopotentiating agent under heat stress 
conditions in broiler chicks. Shubai et al. (1999) observed oedema, 
atrophy and necrosis on microscopic examination of bursa and spleen of 
heat stressed chickens but there were no histopathological change in 
thymus of heat stressed birds. 
 
 
 
 
 
 
 
 
 
 
 CHAPTER THREE 
MATERIALS AND METHODS 
 
This study was conducted in the Poultry Unit  at the Faculty of 
Animal  Production, University of Khartoum, during the months of May 
to June 2009. 
3.1. House and management:- 
The house was constructed from bricks concrete floor. The roof 
was made of corrugated iron sheets wire netting. the house was divided 
into 16 pens (one square meter ), which were arranged in four rows using 
wire netting. Each pen is established to accommodate 7 birds. The house 
was cleaned and disinfected thoroughly by formaldahyd and burned. Dry 
wood shaving was used as a litter material (at depth of approximately 
3cm). 
During the period of experiment, 24 hours photoperiod daylight 
was provided. Throughout the experimental period water and diet were 
offered on ad libtum basis. The first two weeks bird fed basal diet for 
adaptation period.  
3.2. Temperature of poultry house:-  
  Temperature was recorded 3time/day (at 7am,3pm, and 7pm) 
using thermometer . The average weekly temperature was presented in 
appendix 1. 
 
 
 3.3. Experimental bird:- 
One hundred and twelve, day-old unsexed commercial broiler 
chicks (Hubbard) were purchased from a local hatchery ( Omat 
Company) are used in this experiment. The chicks were weighed and 
randomly distributed to four experimental groups, (with 28 chicks). Each 
group was divided into four replicates with seven chick each. All birds 
were vaccinated against Newcastle disease virus at day 7 using colon 
strain and day 28 using LaSota strain intraocular vaccination, the vaccine 
was dissolved in sterile saline solution (2000 units/mL) and 10 vaccine 
units were delivered by micropipette in the right eye of each bird. 
Vaccination against infectious bursal disease (IBD) was carried out at day 
14 of the experiment.  
3.4. Experimental diet 
The experimental diets were designated as diet 1,2,3 and 4. diet 1 
served as a control ( with no vitamin supplementation) while diet 2,3and 
4 contained 150mg, 350mg, and 550mg/Kg Ascorbic acid, respectively. 
The ingredient composition of the experimental diets is shown in table (1)  
the diets were formulated from the common Sudanese poultry feed 
ingredients, and were observed to meet the NRC (1994) nutrient 
requirements for broiler chicks.The determined chemical analysis of the 
experimental diets and their calculated analysis are shown in table (2). 
The calculated analysis were based on analysis data of Sudanese feeds 
composed by the Central Animal Nutrition Laboratory-kuku (1999) while 
the metabolizable energy values were determined according to the 
fourmula derived by Lodhi et al (1976) using the values of the 
determined analysis in the experiment. 
- Lodhi formula was as fallows: 
 ME kcal/kg = 1.549+ 0.102CP% + 0.0275EE% + 0.0148NFE% -
0.0034CF% 
NFE=100- (100-DM) + CP% + EE% + CF% 
3.5. performance parameters 
3.5.1 Feed intake 
Feed intake was measured weekly by offering the prescribed diet. 
Then the residue of the food was measured using an electronic digital 
balance. 
3.5.2. Body weight 
The body weight was recorded on day one and thereafter on 
weekly basis up to the termination of experiment. 
3.5.3. Feed conversion ratio 
Feed conversion ratio was calculated from the recorded feed intake and 
body weight gain. 
 
 
 
 
 
 
 Table (1): 
The ingredient composition of the experimental diets(%) 
Ingredients% Experimental 
Diets 
Sorghum 
Groundnut cake 
Sesame cake 
Wheat bran 
Super concentrate * 
Di Calcium 
Lime stone 
Common salt 
Total 
63.5 
19 
10 
1.5 
5 
0.5 
0.2 
0.3 
100 
 
*Super concentrate contains the following / kilogram: crude protein 
40%, metabolizable energy 2100 kcal/kg, ether extract 2%, crude fiber 
2%, calcium 10%, Av. Phosphorus 4%, Lysine 12%, Methionine 3%, 
Methionine+cystine 3.2%. 
Diet 1 = 0 vitamin C (control) 
Diet 2 = 150 mg/kg vitamin C 
Diet 2 = 350 mg/kg vitamin C 
Diet 2 = 550 mg/kg vitamin C 
 
 
 
 
  
Table (2): 
      Calculated and determined analysis of the experimental diets (%) 
A: Calculated analysis 
Item NRC 
(1994) 
Experimental 
basal Diets 
Metabolizable energy (kcal/kg) 3200 3114 
Crude protein (N%  6.25) 21.5 22.1 
Lysine 1.1 1.08 
       Methionen 0.5 0.46 
      Calcium 1.0 1.3 
      Av. Phosphours 0.45 0.42 
 
B: Determined analysis 
ItemExperimental 
basal Diets 
     Dry mater 93.07 
Crude protein 23.1 
     Crude fiber 4.53
     Ash 5.06 
     Ether extract 4.62 
Metabolizable 
energy kcal/kg 
3114
 
 
 3.6. Immunological testes 
3.6.1. Collection of blood sample  
Blood samples were collected on day 42. Three birds from each 
pen were used (12 sample/treatment).The birds were bled from the wing 
vein using sterile disposable syringe. The area of collection was scrubbed 
by disinfectant (70% alcohol) before the wing vein was punctured. 
 Four ml blood was collected from each sample. The blood was 
discharged immediately into collecting tubes 2 ml tube with anticoagulant 
(Lethem heparin) for blood cell examination. The other 2 ml was 
collected in tube without anticoagulant for serum separation for antibody 
titer evaluation. 
3.6.2. Total white blood cells (WBC) count  
 The white blood cell was counted in heamocytometer using Natt 
and Herrick as a dilution fluid. The pipette was filled with blood to the 
0.02 mark. The blood sample was added to 4 ml of diluting fluid in a test 
tube. The tube was shaken gently and left for 2 mintues. The diluted 
blood was mixed and the counting champer was filled using pasteure 
pipette, and then the cells were allowed to settle for 5 minutes. The 
number of white cells was counted in each of the 4 large corner squares 
under low power using ×10 objective of the bright field microscope. 
The calculation was made by multiplying the number of cells 
counted "N" by both the dilution factor and the volume factor. Each large 
square has an area of 1 mm2 and depth of 0.1 mm giving a volume of 0.1 
mm3 since 4 large squares were used for counting the total volume was 
0.4 mm2. 
 3.6.3. Differential Leukocytes count  
 The differential leukocyte count was determined by examining 
whole blood smears. The count include relative percentages of 
Lymphocytes, Heterophils, , Monocytes , Basophil and Esinophil. The 
ratios of heterophil/lymphocyte (H/L) were determined microscopically 
from account of 100 leukocytes in thin Leishmen –May-Grun –Wald 
stained blood smears. 
a) preparation of blood smear  
The blood smear was prepared from freshly dawn blood by placing 
a drop of blood in the center line near the ed of a clean slide ; thin the 
blood was spread using the spreader slide. The smear was dried at room 
temperature and fixed by placing in absolute methyl alcohol for 15 min  
b) staining methods 
May-Grun-Wald stained: 
0.15 g powder 
100 ml methanol 
Leishman stain  
0.15 powders 
100 ml methanol  
Buffered water ph 6.8 
 
 
 
 Staining the blood smear 
1. The film are first dried in the air . then fixed by immersing in a jar 
of methanol for 15 minute. 
2. Transfer the films to a staining jar containing May-Grun-Wald 
stained freshly diluted with an equal volume of buffered water for 
10-15 minute.  
3. Transfer the films without washing to a jar containing leishman 
stain freshly diluted with nine volume of buffered water for 10-15 
minute.  
4. Wash the films in several changes with buffered water and finally 
allowed to stand undisturbed in water for a short time (2.5minute) 
for differentiation to take place. 
c) performance of differential count  
The blood film was examined using immersion lens (x100) 
magnification in the ideal area of the film to give representative sampling 
of all portions of the blood films. 
 
3.7. Antibody titers  
3.7.1. Separation of serum samples 
Test tubes containing clotted blood samples were centrifuged at 
100 rpm for 10 minute. The serum sample were then carefully collected 
into small sterile vials and kept at -20c until used.  
3.7.2. ELISA 
 Antibody titers were determined by ELISA by using a ProFlock 
antibody test kit 9 according to the manufacturer’s directions for 
 calculation of result, an S/P ratio (sample value to positive control value) 
was obtained from the following formula (Guildhay 2007): 
 
  
 
An NDV titer calculated using the following equation: 
 
 
3.8. Lymphoid organs 
 At the end of each experiment, birds were slaughtered and their 
lymphatic organs (spleen, bursa and thymus) weight were determined and 
the spleen/body weight, bursa/body weight and thymus/body weight 
ratios were calculated 
3.9 Experimental Design and Statistical Analysis 
A completely randomized experimental design was used. Data 
were analyzed using repeated measurement of the ANOVA procedure of 
Statistical Analysis System (SAS,9) . Duncan Multiple Range Test 
(DMRT) was used to determine the significance between means. 
 
 CHAPTER FOUR 
RESULTS 
 
4.1. Feed intake 
The effect of different levels of ascorbic acid on weekly feed 
consumption is shown in table (3). The obtained result indicate that there 
was no significant different in the first three weeks in the feed intake 
between the different treatments. However, in the fourth week the feed 
intake was significantly (p≤0.05) high in the groups fed diet 
supplemented with low level (150mg/kg) and moderate level (350mg/Kg) 
of ascorbic acid compared to those fed (550mg/kg). In the fifth and six 
week there was no significant (p>0.05) difference in feed intake between 
the birds fed (0,150,350mg/kg). However, significant (p≤0.05) lower feed 
intake was observed in bird fed diet supplemented with the higher level of 
ascorbic acid (550mg/Kg). 
4.2 Body weight gain 
The means of weekly weight gain of experimental birds during six 
weeks of age is presented in table (4). In the third and six week of age 
there was significant difference (p≤0.05) in the weight gain of the bird fed 
diet supplemented with 350mg/kg where high weight gain was obtained 
compared to other treatments. In contrast, in the fourth and fifth week 
there was no significant difference (p≥0.05) in the weight gain of the bird 
fed diet supplemented with (0,150,350 and 550). 
 
 
 4.3 Feed conversion Ratio 
Data shown in table (5) represent the feed conversion ratio of bird 
reared during summer and fed different level of ascorbic acid. The 
response of the experimental birds showed significant difference (p≤ 
0.05) from the third week of age but there were no significant difference 
in the first two weeks. In the third, fourth and fifth week the feed 
conversion ratio was significantly (p≤ 0.05) low in the group fed diet 
supplemented with (350mg/kg) ascorbic acid. In the six week of age there 
lower feed conversion ratio was observed in bird fed diet supplemented 
with 150mg/kg and 350mg/kg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table (3): 
         Effect of different levels of ascorbic acid on weekly feed intake 
of broiler chicks (g/bird). 
 
Levels of ascorbic acid (mg/Kg) 
SEM 550 350 150 0 Weeks  
16.583N.S379.50 385.25 417.75 390.75 Week3 
24.663** 438.75b 492.75a  488.75a 457.25ab Week4 
12.774** 557.25b 614.00a 601.50a 590.25a  Week5 
32.701** 613.25b 665.75a 664.00a 649.25a Week6 
   
Means in the same row with the same letter are not significantly different.   
**= statistically significant  (p≤0.05)   
N.S = Not statistically significant.      
SEM = Stander error of the means. 
 
 
 
 
 
  
Table (4): 
Effect of different levels of ascorbic acid on weekly Weight gain 
of broiler chicks (g/bird) reared at high temperature. 
 
 
Levels of ascorbic acid (mg/Kg) 
SEM 550 350 150 0 Weeks  
27.765** 186.93b 220.00a 195.29ab 201.07ab Week3 
22.779N.S180.72 190.72 185.72 200.00 Week4 
44.106N.S276.07 305.60 295.53 300.36 Week5 
64.153** 230.36b 341.73a 330.36a 230.71b Week6 
 
Means in the same row with the same letter are not significantly different.   
**= statistically significant  (p≤0.05)   
N.S = Not statistically significant.      
SEM = Stander error of the means. 
 
 
 
 
 Table (5): 
 Effect of different levels of ascorbic acid on weekly feed 
conversion ratio of broiler chicks (g feed/g body weight) during 
summer.  
 
Levels of ascorbic acid (mg/Kg) 
SEM 550 350 150 0 Weeks  
0.121** 2.0375ab 1.7500b 2.1675a 1.9600ab Week3 
0.439** 2.7625a 2.4750b 2.6675a 2.7625a Week4 
0.164** 2.0925ab 1.9375b 2.1200a 2.0475a Week5 
0.245** 2.7050a 2.0875b 2.1850b 2.8500a Week6 
                                                                                                                                                
Means in the same row with the same letter are not significantly different.   
**= statistically significant  (p≤0.05)   
N.S = Not statistically significant.      
SEM = Stander error of the means. 
                                       
 
 
 
 
 The overall performance of broiler chicks fed diet supplemented 
with different level of ascorbic acid during summer is summarized in 
table(6) and fig(1),fig(2). The group fed diet supplemented with 150,350 
mg/kg ascorbic acid showed significantly (p≤0.05) higher weight gain. 
However, the group fed diet with 0,550mg/kg ascorbic acid had lower 
weight gain (p≤0.05). There was significantly (p≤0.05) low feed 
conversion ratio in bird fed diet supplemented with 350mg/kg of ascorbic 
acid compared to those fed 150,550mg/kg. There was a significant 
(p≤0.05) effect of different levels of vitamin C in feed intake of different 
group of bird. Significant (p≤0.05) low feed intake was observed in birds 
fed diet supplemented with 0 mg/kg followed by 550mg/kg ascorbic acid. 
There was no significant (p≥0.05) in dressing percentage of the 
different experimental groups as shown in table (6) and fig (3).  
During the experimental period the mortality rate was negligible. 
 
 
 
 
 
 
 
 
 Table (6): 
  Overall performance  of broiler chicks fed different levels of ascorbic acid on summer condition. 
                                  
  
 
 
 
 
 
Means in the same row with the same letter are not significantly different.   
**= statistically significant (p≤0.05)   
N.S = Not statistically significant.      
SEM = Stander error of the means. 
SEM      Parameters 
550 350 150 0 
72.617** 1074.5b 1263.0a 1216.5a 1132.8b total weight gain 
58.627** 2530.5ab 2639.5a 2590.5ab 2447.00b total  feed intake 
0.100** 2.355a 2.089 b 2.130ab 2.161ab total  feed conversion ratio 
58.754** 1118.50b 1307.75a 1260.12a 1176.25b Live body weight 
0.93N.S 71.100 70.108 70.065 69.96 Dressing % 
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Fig. (1) Total feed consumption, final live weight and body gain of the 
experimental birds 
 
 
 
  
 
 
Fig. (2) Feed conversion ratio of the experimental birds. 
 
 
 
Fig. (3) Dressing out percentage of the experimental birds. 
 
 4.4. Differential leukocyte count 
The effect of dietary supplementation of ascorbic acid on 
differential leukocyte count is shown in table (7). There were no 
significant different (p≥0.05) in the total white blood cell count 
between the different groups of birds. However, there was a 
numerical reduction in the number of total white blood cell when the 
different levels of ascorbic acid were supplemented to the basal diet. 
 The percentage of lymphocytes was increased 
significantly (p≤0.05) in birds fed diet with moderate level 
(350mg/kg) or high (550mg/kg) level of ascorbic acid compared to 
those fed 0 and 150mg/kg ascorbic acid. The percentage of 
Heterophil was decreased significantly (p≤0.05) in group fed 
moderate level (350mg/kg) or high level (550mg/kg) of ascorbic 
acid. Moreover, the results indicated that the high level (550mg/kg) 
of ascorbic acid resulted in a decreased in the number of Monocytes 
but there were no significant different (p≤0.05) in the number of 
Basophil and Esinophil between the different experimental groups. 
4.5. Lymphoid organs 
Table (8) represents the effect of different levels of ascorbic 
acid on lymphoid organs (thymus, spleen and bursa) and the ratio of 
lymphoid organs to body weight. There was no significant different 
(p≥0.05) in the mean weight of lymphoid organs or the ratio of 
lymphoid organs to body weight between the different treatments.  
 
 
 4.6. Antibody titer 
Geometric mean titers against Newcastle disease virus of 
broiler chicks are presented in figure (4). The result indicate that 
antibody titer against Newcastle disease virus was significantly 
(p≤0.05) increased in bird fed diet supplemented with different level 
of ascorbic acid compared to those fed un  supplemented diet. The 
titer was significantly (p≤0.05) different among all the group fed 
different levels of ascorbic acid. It was observed that the antibody 
titre increase significantly (p≤0.05) with the increase of the 
supplemented levels of ascorbic acid. 
 
 
 
. 
 
 
 
 
 
 
 
 
 
 Table (7):  Blood analysis for total white blood cells and differential leukocyte count of broilers fed  
different levels of ascorbic acid 
 
 
 
 
 
 
 
 
 
Means in the same row with the same letter are not significantly different.   
**= statistically significant (p≤0.05)   
N.S = Not statistically significant.      
SEM = Stander error of the means  
 Treatment Parameters 
Basophil 
% 
Esinophil 
% 
Monocytes 
% 
Heterophil 
% 
Lymphocyte 
% 
Total white 
blood cells 
Levels of 
ascorbic acid  
(mg/Kg) 
4.125 12.125 7.500a 29.250a 54.125b 2.1 0 
4.750 9.750 6.500ab 28.750a 54.375b 2.0 150 
3.375 11.625 5.250b 23.125b 61.750a 2.0 350 
3.750 13.500 4.875b 23.625b 62.375a 1.9 550 
0.499N.S 1.411N.S 0.614** 0.886** 1.443** 0.793N.S SEM 
 Table (8): 
 Effect of different levels of ascorbic acid on lymphoid organs of broilers (g/bird). 
SBWR TBWR BBWR Spleen Thymus Bursa  
0.07±0.03 0.29±0.08 0.069±0.03 0.8463±0.37 3.5363±1.03 0.8313±0.37 0 
0.05±0.02 0.29±0.13 0.049±0.02 0.6775±0.27 3.3375±1.59 0.6125±0.17 150 
0.05±0.01 0.22±0.10 0.05±0.02 0.6512±0.19 2.8263±1.26 0.7013±0.26 350 
0.05±0.02 0.29±0.10 0.05±0.02 0.6125±0.19 3.4613±1.23 0.6075±0.23 550 
Means in the same row with the same letter are not significantly different (p≤0.05)        . 
BBWR= Bursa/body weight  
TBWR= Thymus/body weight  
SBWR= Spleen/body weight                                        
  
 
 
 
.                                                                                                       
Figure 4. Geometric mean titers against NDV* (expressed as log10) 
of broiler chicks at 42 day of age 
*Newcastle disease virus 
 
 
 
 
 
 CHAPTER FIVE 
DISCUSSION  
 
It is generally known that an ambient temperature of 32-35°C is 
most appropriate for brooding chicks (Gietema, 1996) and therefore 
young chickens are more adaptable to high temperatures than mature ones 
(Payne and Wilson, 1999). Broiler chicks reared at high temperature had 
lower feed intake and body weight gain. This study examined the effect 
of four levels of Vitamin C on broiler chicks performance and immunity 
in hot climate of Sudan, where the highest temperature recorded during 
this experiment was 47ºC. The results of the present study revealed that 
there was an increase in the body weight of birds fed diet supplemented 
with low (150mg/kg) or moderate (350mg/kg) level of ascorbic acid 
compared to those fed non supplemented diet. This finding in agreement 
with the finding of (Farooqi et al, 2005) Kutlu (2003) Raja and Qureshi 
(2000) who observed an increase in the body weight of chicken fed diet 
supplemented with Vitamin C during acute heat stress. Blaha and 
Kreosna (1997) observed high increase in body weight (18%) among 
chicken fed diets supplemented with vitamin C. Similar study in the hot 
climate of Nigeria using Vitamin C supplementation, an improved body 
weight of broiler chickens was found (Njoku, 1984 and Njoku, 1986). 
During the course of this experiment there was gradual increase in body 
weight ,however, at the fourth week there was no increase in body weight 
and this may explained by the lower temperature recorded during this 
week. This result confirmed the result obtained by Puron et al. (1994) 
who examined the 200 ppm dietary Vitamin C supplements and found no 
effect on performance and survivability when the average environmental 
 temperature was 26°C. Similarly, Sykes (1977) pointed out that only a 
slight effect of Vitamin C on the performance of broiler would be 
expected when the temperature was low. Apparently, beneficial effects of 
Vitamin C supplementation would be more expressed under high ambient 
temperatures. Excessive supplementation of the diet with Vitamin C can 
reduce the performance of broiler chicks, especially in the absence of 
stress as demonstrated by (Kutlu and Forbes, 1993)  
Although the harsh climatic conditions may interfered with feed 
consumption during the day time, probably the favorable temperatures at 
night may have enhanced feed intake since birds were fed ad libitum.  
During this experiment it was observed that the feed intake was improved 
with vitamin C supplementation at low (150mg/kg) and moderate 
(350mg/kg) level . This results supported by Farooqi(2005) who 
observed better results when the diet was supplemented with vitamin C . 
This result was not in agreement with Blaha and Kreosna (1997) and 
Jaffar and Blaha (1996) who reported, that feed intake of broilers was not 
affected by the supplementation of Vitamin C. This may be explained 
with the different procedure or condition  
The results obtained in  this experiment demonstrated a better FCR 
with  vitamin C supplementation. Better FCR was observed in the groups 
fed 350mg/Kg of vitamin C. This result was close to the result obtained 
by Blaha and Kreosna (1997) , Mckee and Harrison (1995), (Anowr et al. 
2004  ) who also detected an improvement in FCR of broilers as a result 
of Vitamin C supplementation during heat stress.  
The effect of different level of ascorbic acid on live body weight 
was significantly enhanced by the low level (150mg/kg) and the moderate 
level (350mg/kg) of vitamin C. This finding in agreement with the 
 finding of Kafri and Cherry(1984) and Mckee, et al (1997) who reported 
that under heat stress conditions dietary supplemented ascorbic acid 
alleviates the effect of heat stress on the performance of broiler chicks. 
Conversely, high level (550 mg/kg) of vitamin C resulted in lower live 
body weight. this results agreed with the results obtained by (Sabah et 
al.,2008) who found that addition of Vitamin C at higher doses (500 mg 
and 750 mg/kg) gave lower performance even when compared with the 
control (zero Vitamin C level).  
Generally, normal total leukocyte counts in chickens (Gallus gallus 
domesticus) were 12000-30000 cell/µl  (Jain, 1993). A count that is 
greater than normal range is considered suggestive leukocytosis. The 
results of this experiment revealed that there were no significant different 
in T.W.B.C when the vitamin C was supplemented. This result supported 
by the result obtained by Farooqi et al. (2005)s who reported that addition 
of ascorbic acid had no effect on white blood cells and differential counts. 
The analysis of blood serum samples for differential leukocyte 
count showed that the percentage of lymphocytes was increased 
significantly but the percentage of  heterophils and monocytes was 
decreased and there was no significant different in the number of basophil 
and esinophil in birds fed diet supplemented with vitamin C. These 
finding were in line with the finding of Wang et al., (2001). Borges et al. 
(2003, 2004). The decrease in Heterophil % could be explained by 
inflammation as suggested by Ritchie et al. (1994). The results obtained 
are in contradiction with Aengwanich et al. (2003)  who showed no 
significant difference in the number of Lymphocytes. The discrepancies 
between these results can be attributed to the difference in experimental 
procedure.   
 The results of this experiment indicate that there was no different 
in the weight of lymphoid organs. There was no structural changes were 
observed in shape of bursa and spleen of any group. This result in 
agreement with result of Anowr et al. ( 2004) who found that ascorbic 
acid and acetylsalicylic acid (Sb-Asper-C) supplementation during heat 
stress had no beneficial effects on ratio of weight of bursa, thymus and 
spleen to body weight of heat-stressed birds. 
In this study the results revealed that the antibody titer of broiler 
chicks produced against Newcastle disease virus was affected with 
ascorbic acid supplementation. There was an increase in the antibody titer 
in groups fed supplemented diet with ascorbic acid. These finding are 
similar to those of Tuekam et al. (1994), who observed a positive 
correlation between antibody titre and ascorbic acid supplementation. 
Also Aengwanich1,et al.(2003) found an improvement in antibody titer 
of Newcastle disease of broiler when  ascorbic acid was supplemented to 
the diet. 
Gross (1992) reported that chicken fed a diet supplemented with 
ascorbic acid showed increased resistance to a combined Newcastle 
disease virus and Mycoplasma gallisepticum infection and to a secondary 
Escherichia coli infection. 
 
 
 
 
 
  
CONCLUSION AND RECOMMENDATION 
 
This study indicated that ascorbic acid supplementation during heat 
stress had beneficial effects on weight gain, FCR, and serum antibody 
development of heat-stressed birds.  
It is concluded from this experiment that the ascorbic acid has 
expressed itself as an anti-heat stressor and an immune potentiating agent 
under heat stress conditions. 
Ascorbic acid can be used to minimize  scability of the bird to viral 
disease since it increase antibody titer agents Newcastle virus 
It can be recommended that vitamin C can be used during high 
temperature as feed additives with level less than 500mg/Kg to alleviate 
the negative effect of high temperature  
More researches needed to evaluate its effect when it combined 
with other vitamins and its effect on bacterial disease   
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 Appendix 1 
Average weekly temperature and humidity  
 
 Temperature 
 minimum maximum 
Week1 27 42 
Week2 27 42 
Week3 30 44 
Week4 27 40 
Week5 30 44 
Week6 30 44 
 
 
 
 
 
 
 
